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ABSTRACT

Hydroxyapatite has a nanostructure with the chemical formula of
Can(PO4)s(OH)2. In this paper, hydroxyapatite is used to study the ability
to adsorb Co?* ions. The influence of some factors on Co?* adsorption
capacity and efficiency has been studied. Co?* adsorption efficiency and
capacity reached 85.08% and 6.38 mg/g under the suitable conditions:
hydroxyapatite mass of 0.2 g/50 mL solution, 50 mg/L initial Co®*
concentration, pH 5.0, exposure time of 30 minutes at room
temperature (25°C). The process of desorption of Co®* from the loaded
adsorbent and recovery of metallic Co was also studied. Cobalt
recovery efficiency reached 94.58% under appropriate conditions:
applied current 7.5 mA, electrolysis time of 10 hours, loaded
hydroxyapatite mass of 0.1 g, temperature 60°C. After desorption
process, the adsorbent was regenerated for further studies. The
adsorption isotherm was studied based on two Langmuir and
Freundlich models. The adsorption kinetics were examined using two
pseudo-first-order and pseudo-second-order kinetic models.

1. Gidi thiéu chung

coban vai ham lugng qué cao co thé gay hai nghiém
trong cho con ngudi, ddng vat va thuc vat, nhu lam

Coban 13 mét nguyén t6 vi luong thiét yéu, cd mat  Xudt hién cac triéu chiing h6 hép, lam t6n thuong phdi,
trong t4t ca cac ¢ quan va 6 bao clia co thé, cling la SUy giap, viém da, bénh tim, \mé/t thinh giac va thi luc.
mot thanh phan quan trong trong qué trinh t8ng hop  Cac nghién clu dé chi ra rdng, khi néng do coban
vitamin B12 va mot s& enzym. Tuy nhién, khi hdp thu trong dung dich d&t >10 mg-L™ ', cay tréng c6 thé bi
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chét. Khi ndng dé coban trong nudc >5 mg-L~ ', ca sé
chét [1]. T6 chic Luang thuc va Néng nghiép cla Lién
hop quéc (FAO) quy dinh ham lugng coban trong
nudc tudi khong dugce vuot qué 100 pg-L™ ', ndng do
clia cac ion coban trong nudc thai phai < 1 mg-L~" [1].
Vi vay, khi ham lugng coban trong nudc vuct qua gidi
han cho phép thi can dugc xir ly. Cé nhiéu phuong
phap x(t ly coban & nhiém trong moi trudng nudc
nhung phuang phép hdp phu qua nhiéu nghién cliu
da chiing to la mot trong nhitng phuong phap co trién
vong nhéat do tinh don gian, hiéu qua cao va kha nang
Ung dung trén pham vi réng. Trong phuang phap hép
phu, chdt hdp phu déng moét vai trd quan trong. Co
nhiéu chat hap phu da dugc si dung dé hap phu kim
loai ndng theo xu hudng s dung vat liéu tu nhién,
than thién vdi méi trudng nhu celulozo [2], chitin,
chitosan, tinh bdt [3,4], apatit [5,6], natural clay [7,8],
cac vat liétu mao quan trung binh ché tao tUr cac vat
liéu sinh khéi thai [9] va cac vat liéu tai ché tU phuy
pham néng nghiép [10,11], ... dugc cac nha khoa hoc
trén thé gidi hét stic quan tam do cé uu diém: chi phi
thap, hiéu qua hédp phu cao, than thién vai méi truong.

Canxi hydroxyapatit hay hydroxyapatit c6 codng thuc
Cao(PO4)s(OH)2 (HAP). HAp khéng chi ing dung trong
cac linh vuyc y-sinh, dugc hoc ma HAp con dugc su
dung trong Iinh vuc xtr ly méi trudng véi hiéu sudt xa ly
cao: ¢6 thé loai bd mét s6 chét va ion gay 6 nhiém
trong moi trudng nudc nhu Cu?*, Pb?*, Zn’*, Cd?",
Co?*, Nie*, Hg?*, Cr(ll, As(V), Se(Vl), NOs, F, PO4>,
phenol, nitrobenzene, thuéc dé Cong go, ... Nhu vay,
HAp la chét hap phu than thién vai méi trudng, khong
gay déc déi vdi co thé ngudi va la chat hdp phu hiéu
qua. Bén canh viéc nghién clu hép phu thi gidi hap
phu va thu hoi coban cling hét sic quan trong dé
tranh © nhiém th( phat, tan dung kim loai c6 ich tur
ngudn thai va tai sinh vat liéu hap phy, nang cao hiéu
qua kinh té. Trén thé gidi, cac nghién cliu vé gidi hép
phy, thu hoi kim loai néng ra khai vat liéu hdp phu con
han ché. M6t s6 phuong phap dugc st dung dé gidi
hép phu kim loai nang ra khdi vat liéu nhu: phuong
phép trao déi ion, phuong phap st dung dung moi
(axit, baza, mudi, rugu etylic,...), phucng phép tao
phuc, phuang phép chiét, phuong phép st dung nhiét,
..[5,12,13]. Kim loai nang sau khi riia gidi dugc thu hoi
bang cac phuang phép: két tha héa hoc, két tda dién
hoa, v.v.. Trén thé gidi, da cé mot sé cong trinh cdng
bé vé hdp phu Co?* dung HAp nhung co rét it cong
b& nghién cliu hoan chinh t& hap phy, gidi hap, thu
hoi kim loai dén tai sinh vat liéu va dac biét la chua co
cobng trinh nao cong béd khad néng gidi hdp va thu hoi
kim loai bang cach dién phan truc tiép vat liéu da hap

phu (M-HAp) trong chat 1ong ion reline (hdn hap
Choline Cloride-Urea). Cho dén nay, chi c6 mét s6
cdng bd vé kha ndng két tda dién hoa cla cac ion
Cu?, Zn®*, Cd?*, Co?* va Ni°* trong dung mdi reline ¢
diém eutecti sau (DES) [14-16]. Phuong phap nay c6 uu
diém la khéng can dung moi ria giai, rut ngan céng
doan cuia qua trinh thu hoi kim loai, méi trudng dién
phan than thién, dong thai vat liéu hdp phu dugc tai
sinh. 0 nudc ta chua cé cong bé ndo vé nghién clu
hap phu, gidi hdp Co’* dung HAp. Trong bai bao nay,
ching t6i nghién cltu khd nang hdp phu ion Co®*
trong nudc dung vét liéu hydroxyapatit t6ng hap. Sau
do, gidi hdp phu va thu hdi Co kim loai bang phuong
phép két tua dién hoa trong nén dién li reline.

2. Thyc nghiém va phudng phap nghién ctu
T6ng hop vat liéu bét Hap

B6t HAp dudc téng hop bang phuong phép két tla
hda hoc trong mdi trudng nudc véi nguyén liéu ban
dau tr Ca(NO3)2.4H,0, (NH4)2HPO4 va NHs (phuang
trinh 2.1) Error! Reference source not found..

1OC3(N03)2 + 6(NH4)2HPO4 + 8NH3 + 2Hzo -
Can(PO4)s(OH), + 20NH4NOs  (2.1)

B&t HAp téng hop thu dugc ¢ mau trang, hinh que
vai dién tich bé mat riéng xac dinh theo phuang phép
Brunauer, Emmett and Teller (BET) thu dugc la 91,42
m2/g.

Hdp phu Co?* bdng bét Hap

Khao sat khdi lugng bdt HAp thay déi tr 0,1 — 0,4 g
trong 50 mL dung dich, thdi gian hdp phu bién déi tir 5
— 60 phut tai pH = 5,0 (pHg) dén kha nang hap phu cua
bot HAp déi vai Co?*. HOn hop sau do dugc khudy vdi
téc do 400 vong/phut. Sau khi hdp phuy, loc tach chat
ran, 18y phan dung dich dé dinh lugng ion Co?* con lai
bang phuong phép khéi phé plasma cao tan cam Ung
(ICP-MS) trén thiét bi ICAP Q ICP-MS (Thermo Scientific,
Germany) tai Trudng Dai hoc Mo-bia chét.

Dung lugng hap phu va hiéu sudt hdp phu dugc xac
dinh bang phuong trinh 2.2 va 2.3 [18]:

Q=(C-OxV/m (2.2)
H = ((Co-C)/ Co) x 100 (2.3)

Trong dé: Q (mg/g) va H (%) lan luct la dung lugng
hép phu va hiéu suét hdp phy; Co (mg/L) va C (mg/L)
lan luct la ndng dé ion Co?* ban dau va con lai sau
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hap phuy; V 1a thé tich dung dich hdp phu (L); m la khéi
luong bét HAp (g). Kha ndng hdp phu Co’* cliia HAp
dugc tinh todn dua trén dudng hdp phu dang nhiét
Langmuir va Freundlich. Béng hoc cla qué trinh hap
phu dugc nghién ctu theo hai mé hinh déng hoc: md
hinh giad bac 1va md hinh gia bac 2 [18,19].

Gidi hdp phy ion Co?* va thu hoi Co kim logi bdng
phuong phdp két taa dién héa

Chudn bi dung méi reline: Dung moi reline c6 diém
otecti sau (DES) dudc tao ra tu choline chloride (ChCl)
va urea (U) bang cach tron 1an hai chat ran vai ti 16
mol 1:2 va khudy déu & nhiét do 60 °C trong 3h cho tdi
khi thu dugc chét Idng khong mau va déng nhéat [20].

Nghién ciu dudng von-ampe vong ctaa Co?* trong nén
dién li reline: Thiét bi do von-ampe vong (CV) gébm 3
dién cuc nhidng trong moét dung dich dién phan
(reline): dién cuc lam viéc (WE) la dién cuc Au (S =
0,0201 cm?), dién cuc so sanh (RE) 1& dién cuc
Ag/AgCl/Cl- va dién cuc phu trg/dién cuc déi (CE) la
dién cuc lugi Pt. Diéu kién do CV: 0,5 g bét Co-HAp
trong 5 mL reline & budc nhady thé 0,005 V, téc do
quét thé 0,02 V/S, khoang thé quét: 0,4 + -1,1 (V).

Gidi hdp phu Co?* va két tua Co kim logi lén bé mdt
dién cuc Au: Qua trinh gidi hap ion Co?* ra khoi vat liéu
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da hap phu (Co-HAp) va két tua kim loai Co dugc thuc
hién trong binh dién phan dung k¥ thuat ap dong vdi
ba dién cuc: WE la tdm vang (dién tich hinh hoc = 1

m?), RE 1a dién cuc bac Ag,AgCI|CI- va CE 1a mot ludi
bach kim cé dién tich Ién. Cac gia tri cudng do dong
khac nhau da dugc nghién clu: 1; 2; 3; 5; 7,5 mA Ung
vdi thai gian dién phan dugc khao sat tir 1-10 gid, khaoi
luong vat lieu 0,1 g Co-HAp tai 60°C. Sau khi dién
phan, bot Co-HAp dugc loc ra khoi hdn haop, sau do
lam sach, sdy kho va xac dinh ham lugng Co con lai
trong bot bang phuong phép ICP-MS.

3. Két qua va thao luan
Nghién ctu hdp phu

Anh huéng cia khéi luong bot Hap: Két qua nghién
clu anh hudng cua khéi lugng bét HAp dén dung
lugng va hiéu suét hdp phu Co?* dugc trinh bay trén
hinh 1a. Khi khéi lugng bét HAp téng tir 0,1 dén 0,4 g,
hiéu suét hép phu tang t&r 60 dén 95,21% do sy tiép
xUc gita chét hdp phu va dung dich tang, s6 lugng
tdm hép phu tang [21]. Tuy nhién, dung lugng hap phu
lai giam dan tUr 9,45 xudng 3,75 mg/g. D€ dat dugc
dung lugng va hiéu suét hap phu dong thai cao (6,62
mg/q ; 84,8 %), khéi lugng 0,2 g bét HAp dugc chon
dé nghién ctu hép phu Co?*.
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Hinh 1: Anh huéng clia khéi lugng (@) (Cco?* = 50 mg/L, T = 25°C, pH = 5,0 and t = 15 phut) va thdi gian tiép xc

(b) dén kha nang hap phu Co?* (Cco®* =

Anh huéng cia thdi gian hdp phu: Su bién déi hiéu
suat va dung lugng hép phu cla 0,2 g bét HAp theo
thai gian dugc gidi thiéu trén hinh 1b. Trong khodng
thai gian khao sat, dung lugng cling nhu hiéu suat hap
phu tdng nhanh trong 15 phdt dau, tUr 15 phdt trd di
dung luong va hiéu suét hép phu tdng cham va én
dinh do su hdp phu dat t&i trang thai can bang. DE thu
dugc dung lugng va hiéu sudt hdp phu cao (6,38 mg/g
va 85,08%), thai gian hdp phu khong kéo dai thi thai
gian hép phu thich hgp dugc tién hanh trong 30 phut
va dugc st dung cho nghién clu tiép theo.

50 mg/L, Miap = 02 g, T = 25°C, pH = 5,0)

Buong ddng nhiét hdp phu: Két qua trén hinh 2 cho
thdy, mé hinh Langmuir (R? = 0,99149) c6 thé dugc su
dung dé mo ta dit liéu thyc nghiém clia qué trinh hap
phu Co?* bdi HAp trong diéu kién nghién cdu tét hon
md& hinh Freundlich (R? = 0,93543). Diéu nay phu hgp
v3i nhiéu cong bé trudc day vé cac chat hdp phu HAp
va trén cg s& HAp déi vai hap phu cac kim loai nang
[12,18,19]. Dung lugng hép phu Co?* cuc dai (Qmax)
theo Langmuir la 13,515 mg/g (Bang 1). K&t qua nay
cho théy, dung lugng hap phu cuc dai nhd hon so véi
mét s& cong bé dung HAp hodc composit clia HAp
hép phu Co?* nhung hiéu sudt hap phu dat 85,08 % &
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nong dd Co’* 50 mg/L lai cao hon hodc géan tuong
duaong [18, 22].

Béng hoc hdp phu: Hinh 2 va bang 1 chi ra, gia tri Qe
tinh theo phuang trinh déng hoc hép phu giad bac 1
(0,791 mg/g) khéac nhiéu gid tri Qe xac dinh tu thuc
nghiém (6,492 mg/q). Trong khi do, gia tri Qe tinh theo
phuong trinh déng hoc hép phu gid bac 2 (6,580
mg/qg) gan vdi Qe xac dinh tu thuc nghiém. Béng thdi,

20

Langmuir [

y =0,07399 x + 1,75136

154 R? = 0,99149

54

é (@)
0+ T T T T
0 50 100 150 200
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hé s& hoi quy cla phuong trinh déng hoc gia bac 2 (R?
= 0,99989) gan vdi 1 con hé sé hdi quy cla phuong
trinh déng hoc gia bac 1 (R? = 0,76337) khac xa 1. Két
qua nay chiing té qué trinh hdp phu Co?* bang HAp
tuan theo phuaong trinh déng hoc hdp phu gid bac 2.
Két qud thu dugc phu hgp vdéi cac cong bé trudc do
[12,18,19]. Hang s6 t6c dé hdp phu xac dinh dugc co
gia tri bang 0,17232 g/mg/min.

Freundlich
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R? =0,93543
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Hinh 2: Buding dang nhiét hap phu ctia Co?* theo mé hinh Langmuir (a) va Freundlich (b), dong hoc cla qué trinh
hap phu Co?* 1én HAp theo phuong trinh gid bac 1 (c) va gid bac 2 (d)
Bang 1: Cac hang sé thuc nghiém tinh toan theo cac phuang trinh Langmuir, Freundlich va cac mé hinh
déng hoc gid bac 1, gid bac 2

Langmuir Freundlich
Qm Ke R? n Ke R?
13,515 0,04224 0,99149 2,00577 1,03177 0,93543 Qe .
thuc nghiém
M®& hinh d6ng hoc gié bac 1 Md hinh d6ng hoc gia bac 2 (mg.g”)
Qe , Qe k2
ki (phut™ R? , R?
mggy | PN mag") | (g/mg/phit
0,791 0,06315 0,76337 6,580 017232 0,99989 6,492

Ddc trung cGa HAp trudc va sau qud trinh hdp phu

Céc dac trung clia bot HAp trudc va sau qua trinh hép
phu dugc phén tich bang phé FT-IR va EDX. Phé FT-IR
(Hinh 3a) cho théy, cac dai hdp thu & vung 1102; 1038;
956; 603; 565 cm™ dac trung cho nhém PO4*. Dai hédp
thu cla lién két P-OH nam & vung 880 cm™. Dai hép
thu clia H,O tu do nam & vung 3438; 1638 cm™. Su ¢
mat cla Co trong HAp sau qua trinh hdp phuy dugc
khang dinh bdi phé EDX (Hinh 3b). M6t s§ cong trinh

d& cong b vé o ché trao déiion gilta céc ion kim loai
nang M?* va Ca®* trong HAp [5,23].

Tranmittance (%)

4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm‘l)
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Hinh 3: Phé FT-IR clia HAp trudc va sau qua trinh hdp
phu va phé EDX clia HAp sau qué trinh hdp phu Co?*

Nhu vay, mot lugng Co di vao cdu tric tinh thé cla
HAp khéng lam thay déi nhom chic trong phén ti
HAp.

Gidi hdp phu Co?* va thu hdi Co kim loai

Trén ducng CV cla Co-HAp/reline chi ra, sy xuét hién
pic khir ciia Co?* & -0,83 V va pic oxy héa cla Co® & -
0,15 V (Hinh 4a). K& qud nay cho théy, c¢6 su dich
chuyén nhe cac pic oxi héa va khi so véi cla
Co(NO3)y/reline [16].

J a
08 —— Co-HApl/reline (@)
G 0.4 4
€
L
< 0.0
E
T 0.4
-0.8 4
124+ T T T T T
1.2 0.9 0.6 03 00 0.3 0.6
E(V)
- - (b) <7
% % &
¥ Lo J‘ : - 253
- s
. . »

. ©

AulAu

Au Au
A A ,

65 78 a1 104 117 130

s:ldle Cps:0 DT:00 Lsec 46 28 Cnts 0785 keV Det: Octane Pro

Hinh 4: Budng CV clia Co-HAp trong nén dién i reline
(a); hinh anh SEM (b) va phd EDX (¢) clia bé mat dién
cuc Au sau khi dién phan Co-HAp

Ca ché két tla va hoa tan Co trén dién cuc Au cé thé
dugc mé ta nhu sau [15,16]:

Giai doan 1: Su tao phtic gitta Co®* cla Co-HAp va CI
trong reline (CoCl>™). Tiép theo la su khr Co®* (trong
CoCly?™M thanh kim loai xay ra trén bé mat dién cuc:
CoCl#™ + 2e —» Co + nClI~.

Giai doan 2: Hoa tan Co kim loai thanh Co®*:

Co-2e - Co®*

TU két qua dusng CV clia Co-HAp/reline ching 6, co
thé giai hdp phu Co®* tir Co-HAp va két tla kim loai
Co lén dién cuc Au bang phuong phap dién phan c6
dinh dong sao cho dién thé dat dugc < -0,83 V. Két
qua thu dugc thé hién trén hinh 4. Hinh anh SEM chi
ra, b& mat dién cuc Au sau dién phan co I&p kim loai
béam déu. Phd EDX cho théy, sau khi dién phan Co-
HAp, xudt hién pic ctia Co trén bé mat dién cuc Au.

DE nghién clru mét s yéu t6 anh hudng dén hiéu suat
giai hép phu va thu hoi Co, tién hanh phéan cuc catot
(dién cuc Au) & cac gia tri cudng dé dong dién dat vao
khac nhau vdi thai gian dién phan khac nhau & nhiét
d6 60°C. Hiéu sudt thu hoi Co dugc thé hién trong
bang 2. Két quéd cho théy, thdi gian dién phan tang
dan dén lugng Co két tla trén bé mat dién cuc Au
tang nén hiéu sudt thu hoi Co tang. Cudng dé dong
dién tang thi hiéu suét thu hoi cling tdng do su khi
Co®* trong phiic CoCly?™ cang thuén Igi. D€ thu dugc
hiéu sudt thu hoi Co cao (94,58%), cudng dé dong
dién ap vao la 7,5 mA va thdi gian dién phan 10h dugc
chon dé thu hoi Co. So sanh vdi hiéu suét gidi hdp ion
kim loai nang khac tu vat liéu d& hap phu M-HAp dung
Cac chét rlra gidi nhu: HCI, NaOH, Ca(NOs),, EDTA [23]
thi hiéu suét gidi hdp trong nghién clu nay cao han
nhiéu. Mat khac, vat liéu HAp khéng tan trong reline,
khong bi mét di sau qua trinh dién phan giai hap phu.
Do dé cé thé thu hoi lai vat liéu HAp dé téi si dung.
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Bang 2: Anh hudng clia cuding d6 dong dién va thdi
gian dién phan dén hiéu suét giai hdp phu va thu hoi
Co tai mconap = 0,19, T =60 °C

| (mA) H %
‘) 1|2 | 3| 5 |75

1 52,38 | 57,35 | 64,24 | 70,92 | 73,28
2 57,08 | 61,18 | 68.69 | 74,60 | 76,95
3 62,69 | 66,34 | 7192 | 78,35 | 80,48
4 66,04 | 70,85 | 74,91 | 81,68 | 84,54
5 7015 | 74,48 | 78,48 | 84,72 | 86,59
7 73,55 | 77,69 | 82,60 | 87,29 | 92,46
10 76,42 | 81,53 | 86,10 | 90,05 | 94,58

4. Két luan

HAp da dugc st dung dé nghién clitu qua trinh hép
phu va gidi hép ion Co?*. Két qua thu dugc cho théy,
tai nong dé Co?* 50 mg/L & diéu kién hdp phu thich
hop, dung lugng va hiéu suét hdp phu dat 6,38 mg/g
va 85,08%. Qué trinh hdp phu tuan theo mo hinh dang
nhiét hdp phu Langmuir v&i dung lugng hap phu cuc
dai bang 13,515 mg/g va tuan theo mé hinh déng hoc
gia bac 2. Qué trinh gidi hdp phu Co’* va thu héi Co
kim loai phu thuéc vao cudng dd dong dién va thdi
gian dién phan. Hiéu sudt thu hoi Co dat t&i 94,58% &
diéu kién thich hgp. K&t qua nay md ra trién vong cho
viéc Ung dung HAp loai bd ion Co?* trong nudc bi 6
nhiém va thu hoi kim loai Co dé tan dung va tranh 6
nhiém th( phat cling nhu tai st dung vat liéu hdp phu.

L&i cdm on

Nghién clu nay dudc tai trg bdi BO Gido duc va Bao
tao trong dé tai ma sé B2022-MDA-03.
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